Aims: To systematically identify and describe models of injectable therapy initiation for people with type 2 diabetes mellitus (T2DM) in primary care. Methods: Eight electronic databases and the grey literature were searched. Studies examining models of injectable therapy initiation for adults with T2DM in primary care settings were included. Results: Successful models included: 1) Nurse-led one-to-one approach; 2) Nurse-led group sessions; and 3) Providing education to GPs and nurses. Conclusions: Few robust studies were found. Studied models were mainly in general practices, with limited evidence documented about starting people with T2DM on an injectable in the home setting. 
Introduction
Type 2 diabetes mellitus (T2DM) affects approximately one million Australians [18] and 422 million people worldwide [33] . Suboptimal glycaemic management is associated with an increased risk of developing diabetes-related complications and increased longer-term health costs. Across the population of people with type 2 diabetes, a 1% reduction in HbA1c over a five year period would result in reductions in the cumulative incidence of endstage kidney disease by 40%, in amputations by 20%, in advanced eye disease by 42% and in myocardial infarction by 15% [29] . Optimal glycaemic management, that is established early and maintained throughout the disease duration, is essential for delaying and preventing long-term complications [7, 23, 36, 28] .
Insulin is effective in optimising glycaemic levels, and the timely use of insulin for treatment of people with T2DM is clearly supported by American and European guidelines [21] . Despite this, the initiation of insulin is often delayed due to various client, General Practitioner (GP), or system level barriers. Patient barriers can include a fear of injections, negative perceptions of insulin, social stigma, lifestyle adaptations, restrictions required by insulin use and the fear of side effects and complications from use [14, 4] . GP barriers can include a physician's lack of familiarity with insulin, time constraints, a lack of confidence in initiation, lack of resources (including having practice nurses), and clinical inertia [26, 30, 25] , amongst others. Barriers associated with the health system have been infrequently reported, but are also important and have been shown to contribute to the delay in insulin initiation in primary care [2] .
In Australia, almost two-thirds of all people with T2DM have their insulin therapy initiated by a specialist rather than in primary care; with GPs initiating an injectable therapy for less than 20% of cases [3] . This is despite the 2016-2018 ''General practice management of type 2 diabetes" clinical practice guidelines [37] providing clear protocols for the initiation and titration of injectable therapies in the primary care setting. Insulin initiation by specialists is also common in international settings. For example it has been shown that Diabetes Specialist Nurses (DSNs) mostly in secondary care, rather than practice nurses in primary care, initiate injectable therapy [6] . This can lead to delays in insulin initiation due to limited availability of specialist resources. A move to manage people with T2DM in primary care rather than secondary care has the potential to result in increases in insulin commencement [6] , reductions in the use of more costly secondary care [12] , and positive impacts on long-term outcomes for people with T2DM if it meant that insulin was started earlier [15] .
For insulin initiation and titration to become successfully adopted in primary care (including general practice, community settings and domiciliary settings), there is a need for making changes in service delivery to improve diabetes management. In particular, a model of care is required that is feasible, practical and sustainable in practice. This systematic review aims to identify and assess current models of initiating injectable therapy for people with T2DM in primary care that are present in the literature. In doing so, the characteristics of these models and successful attributes can be described and reported on. Through this, an understanding of current practices for initiating injectable therapy in primary care can be gained, whether these practices are working, and whether any gaps in knowledge need to be addressed.
Method

Search strategy
A comprehensive search of the literature was conducted and included the retrieval of electronic documents and hand searching of reference lists for relevant articles. The databases that were searched included Medline, CINAHL, ProQuest, PubMed, Web of Science, and Cochrane Central register of Controlled Trials (CEN-TRAL). The key words used were: insulin initiation, diabetes injectable therapy initiation, insulin stabilisation, insulin titration, insulin administration and dosage, and injections subcutaneous. Searches were limited from 2000 to 2016, to capture the recent literature relevant to current clinical practice. The first author screened and assessed all titles and abstracts for inclusion, while the second author also assessed the identified articles. Any discrepancies in assessment were resolved through discussion with all authors. The reference lists of included studies were also searched for additional articles.
Inclusion criteria
For the study selection criteria, the review was restricted to English-language studies focusing on adults with T2DM, aged 18 years and older, for whom injectable therapy for T2DM (i.e. insulins or GLP-1 mimetics/agonists) had been recommended. The review included randomised-controlled trials (RCT), quasi-RCT, uncontrolled evaluations, cross-sectional studies and qualitative research in order to gain a more complete picture of the models of injectable initiation being used. Papers excluded from the review were: studies focusing on secondary care, abstracts alone, articles that lacked sufficient information about study design, methods of analysis and findings to be able to provide adequate assessment, conceptual/methodological or advocacy papers and review articles.
Data extraction and risk of bias
Two reviewers worked independently to extract data relevant to the review and assess the risk of bias of the studies. Data extraction forms were developed prior to the review. Information on the study purpose, setting, method, participants, sample size and main findings were extracted. Any discrepancies on data extraction and assessment of risk of bias were resolved via discussion. Two checklists developed by Kmet et al. [24] were used to assess the risk of bias for both quantitative (observational studies, cross sectional, and descriptive) and qualitative articles included in the review. These checklists addressed a range of characteristics, including study design, measures, methodology, analysis, and reporting. The risk of bias for randomised control trials (RCTs) was assessed using the Cochrane Collaboration Criteria [5] .
Data synthesis and analysis
Given the heterogeneity of the studies included, and as the systematic review aimed to identify and describe current models of initiating injectable therapy for people with T2DM, the data synthesis is largely descriptive. The findings are presented according to the strategies identified for initiating injectable therapy for people with T2DM.
Results
Search results
An initial search strategy retrieved 6455 articles which fitted the inclusion criteria. After eliminating duplicates and screening titles for relevance, 118 abstracts remained for assessment. Of the 118 abstracts reviewed, 10 met all of the eligibility criteria for the systematic review. Fig. 1 shows the selection and reviewing process in greater detail.
A total of 10 articles were included in this review, of which 9 were quantitative studies and one was a qualitative study. Table 1 displays the study summaries and methodology quality.
Study characteristics
The study characteristics are discussed separately for quantitative studies and the qualitative study.
Quantitative study
Three of the studies were cross-sectional and self-report (2, 4, and 8), three were Randomised Controlled Trials (RCT) (1, 7, and 10) and three were longitudinal observational studies (3, 6 and 9) . Sample size ranges from 20 to 20,493 participants. Response rates ranged from 11% to 95%, with one study not providing a response rate (10) because the study used purposive sampling. The outcomes assessed in the included quantitative studies varied widely, from changes in HbA1c levels with new models of care, to healthcare professionals' satisfaction with the models. Four of the studies were conducted in the United Kingdom (UK) (2, 3, 4, and 8), one in Australia (1), one each in New Zealand (6), France (9), and Canada (7) and one across four countries (Finland, Sweden, UK and Netherlands) (10) . Four of the studies were conducted in general practices (1, 3, 4, and 9), one in both a general practice and using a national register of diabetes care staff (2), one in both general practices and community pharmacies (7), and two that did not specify a setting (8 and 10) . Three studies involved people with T2DM (6, 9, and 10), two studies mentioned the involvement of healthcare professionals generally (4 and 8), two studies involved General Practitioners (GPs), Practice Nurses (PNs), Diabetes Specialist Nurses (DSNs) and patients with T2DM (1, 3), one study involved DSNs and PNs (2), and one involved GPs, community pharmacists and people with T2DM (7).
Qualitative study
The qualitative study (5) was conducted in a general practice in Australia with both GPs and patients with T2DM. A purposive sampling method was used and the data collected included interviews (24 healthcare professionals and patients) and focus groups (10 patients). A thematic analysis of the data was performed, however the study publication did not state a theoretical framework.
Narrative synthesis: initiation of injectable therapy for T2DM strategies
Injectable therapy initiation can be successfully managed in primary care
The majority of the studies demonstrated that injectable therapy initiation for people with T2DM can be successfully managed in primary care following the implementation of a model of care, or an education program to GPs and nurses (1, 3, 5 and 9) . GPs and nurses reported feeling more confident to initiate and titrate insulin with education and support (4, 8) , however the one study that objectively measured insulin prescribing rates following a program of specialist support showed no difference in insulin prescribing rates between intervention and control physicians (7).
GP and/or PNs working with support from specialists
Three models identified in this review included GPs and PNs working together with support from specialists (e.g. DSN, endocrinologist or pharmacist; 1, 5 and 7). In two of these models, healthcare professionals successfully initiated insulin in an effective manner measured by self-report (5) or reductions in HbA1c and increased time in target glucose range (1). The third modelassessed via RCT (7) -involved an intervention with two-tiered support as follows: 1) provision of active support by a CDE to GPs for two months and passive support for 10 months and; 2) a community retail pharmacist option for the GP for referral to initiate insulin. This intervention did not result in an enhancement of insulin initiation, as measured by objective insulin-prescribing rates, however (7) . Two studies (1 and 5) involved the GP and PN working together in an enhanced role and being mentored by a Clinical Diabetes Educator (CDE) nurse and endocrinologist if required.
Nurse-led models of initiating injectable therapy
Four studies included nurse-led models of initiating injectable therapy for people with T2DM (1, 3, 5 and 6). In two studies (1 and 5) the GPs and PNs worked together, with the GPs identifying and making recommendations for starting insulin, while the PNs led care provision by starting the patient on an injectable therapy and having discussions about general diabetes management and education. In one study (3) an experienced DSN supported PNs to undertake their first insulin initiations, until PNs were confident to perform this role. In another study (6) education and initiation of injectable therapy was successfully provided by a nurse using both individual and group sessions.
Group initiation of injectable therapy
Two studies (6 and 10) involved the initiation of injectable therapy for people with T2DM in a group setting. One study (6) found an improvement in HbA1c levels over a 12-month period following the group initiation, and the other study found no differences in glycaemic management levels and treatment satisfaction between those who had insulin initiated individually and those who had received support to commence insulin in a group setting.
Insulin initiation training programs to GPs and PNs
Six of the identified studies involved training for GPs and/or PNs to initiate injectable therapy for people with T2DM. Training involved insulin types, delivery devices, insulin regimes, injection techniques through interactive workshops. Amount of training ranged from three hours (5) to two full days (4) . In three studies, training was provided to both GPs and PNs (1, 3, 5) which resulted in reductions in HbA1c levels (1 and 3), increased time in a target glucose range (1 and 3). Greater engagement with GPs and PNs was also reported as a result of healthcare provider training programs (5 and 8). The same nurse led both group and individual sessions using the same education program Similar glycaemic control and treatment satisfaction was achieved by initiating insulin in groups and individually Starting insulin in groups takes onehalf as much time as individual initiation
Injectable therapy initiation models mainly occur in general practices
Eight of the studies investigated models of injectable therapy initiation that involved general practice settings (1-7, and 9). Two studies did not specify where the injectable therapy initiation was occurring (8 and 10).
Risk of bias within studies
For the purpose of our review, we included qualitative, cross sectional, longitudinal observational, and RCT study designs. For the qualitative study, criteria on the Qualsyst that were not met were: 1) a thorough description of the data collection methods (e.g. no discussion about data saturation); and 2) mention of reflexivity (e.g. the influence of the researcher on the study results). For the cross sectional studies, the rigour of methodology was compromised by a low response rate or lack of information about the response rate, and a lack of a clear description about subject groups' selection and characteristics hence limiting the ability to generalise findings. For longitudinal observational studies the study validity was compromised by a lack of detail regarding the control of confounding variables [19] . The risk of bias for crosssectional design, observational and descriptive studies are reported in table two. The risk of bias for the qualitative study is reported in Criteria adapted from Clarke and Oxman [5] . Tables 2-4) .
Discussion
This systematic review explored existing models for the initiation of injectable therapy for people with T2DM in primary care, through the examination of both quantitative and qualitative studies. A range of models were identified, with successful elements of such models summarised to allow for the initiation of injectable therapy in primary care settings to be more readily and frequently adopted.
The studies included in this review have provided some evidence that the initiation of injectable therapy can be successfully managed in primary care (e.g. [2, 9, 16] . Strategies identified in the literature to assist people with T2DM to commence on an injectable therapy have included the provision of training programs to nurses and GPs (e.g. [2, 9, 34] ) and introducing nurse-led models of care (e.g. [16, 17] ) with specialist support available. Education programs for the initiation of injectable therapies have shown to also boost the confidence of GPs and nurses in undertaking this task [9] . In addition, having specialist support, such as a CDE or endocrinologist, available to nurses and GPs can assist with the timely, safe and effective initiation of injectable therapy [2] . Initiating injectable therapy in the primary care setting using nurse-led models of care with specialist support available was shown to be effective in both qualitative and quantitative studies [9, 2, 16] .
In line with the findings of this systematic review, the literature has shown that training provided to health professionals can result in large changes in professional practice, not just for diabetes care management [27] . Abramczyk et al. [1] suggest that training for nurses who are involved in diabetes care is essential to support diabetes prevention and diagnosis, and to help in the treatment and care processes when managing a person with diabetes. The literature has also shown the effectiveness of nurse-led models of care in other disease areas. For example, a study that compared the effectiveness of a nurse-led hypertension clinic with conventional community care in general practice for the management of uncontrolled hypertension in patients with T2DM found that compared with conventional care, this type of model is more effective [11] .
Nonetheless, it is evident through this systematic review that studies investigating strategies for the initiation of injectable therapy for people with T2DM in primary care are few, with only ten studies in total identified. This is despite the need for more insulin initiation to occur in primary care to ease the burden on secondary care, reduce the amount of time that people spend with suboptimal blood glucose levels, and reduce the risk of long term complications developing [6, 31] . In addition, the quality of the majority of identified publications was relatively poor, with little evidence of planning for a rigorous program evaluation in newly implemented programs, with the exception of Blackberry et al. [2] and Furler et al. [16] . This resulted in high risks of bias across the remaining programs and relatively low generalisability, or opportunity to replicate findings.
The majority of the research conducted in the area has also focused on general practice settings, with no study investigating insulin initiation in other areas of primary care, such as in the home environment. Home nurses play a pivotal role in assisting with the management of diabetes and therefore may be well placed to help with the initiation of injectable therapies and provide the education and care needed [10] . Working in the home environment provides rich information on what interventions may be more effective, as health providers can ascertain the world within which their patients live [32] . Despite the obvious potential for such a model, no research has formally evaluated the initiation of injectable therapy in the home setting by home nurses or diabetes educators [22] . With the growing older population and advances in telehealth, the usefulness and success of this type of home-based model clearly warrants further investigation.
In conclusion, the reviewed studies show that initiating injectable therapy can successfully occur in primary care by providing education and specialist support to GPs and nurses, but such strategies have not consistently led to positive changes in insulin prescribing patterns. Overall however, studies that evaluate models of injectable therapy initiation in primary care are few, and have been of average quality. High quality studies with methodological rigour in the evaluation of models of care for T2DM are needed in order to make specific recommendations for the uptake of these models. There is an urgent need to reform current practices for the timely initiation of insulin, which can reduce risks of developing diabetes-related complications and reduce longerterm health costs. This systematic review of the literature has demonstrated that current studies trialling and evaluating alternate models of care are not sufficient in quantity or quality to adequately inform practice, with more research of high rigour in this area being necessary.
